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ABSTRACT 
Iowa is a leader in wind power generation with more than 36% of the state’s electricity coming 
from wind energy as of 2016. Although the wind power industry continues to grow, uncertainties 
remain in wind-related characteristics at and above 80-m turbine hub height. Measurements of 
wind speed from two identically configured 120-m tall meteorological towers provided the 
necessary spatial and temporal resolution to explore and improve our understanding of wind 
characteristics in central Iowa above turbine hub height. This study analyzed data from the first 
year the towers were deployed, August 2016 to July 2017.  The data helped to provide a general 
climatology of wind characteristics at the 120-m tower level. Monthly averages, maxima, minima, 
quantiles, and frequency plots were used to better understand and characterize wind resources 
above turbine hub height.  Wind speed variations were compared with and without the influence 
of wind turbines from a large wind farm. The percentages of occurrence above the cut-in, cut-out 
and rated wind speeds provided insight on the potential performance of future, taller wind turbines.  
Weaker winds inside the wind farm lead to an increase in turbulence causing reductions in wind 
speed at 120-m.  Using similar methods, the other heights on the towers can provide insight to 
wind characteristics that can be applied to other studies such as ones including agricultural 
environments.   
______________________________________________________________________________
1. Introduction  
 
Wind power is a clean, sustainable, and 
reliable alternative for providing electricity.  In 
recent years, the wind industry has grown 
rapidly.  Utility-scale wind turbines have 
grown in size and become more efficient over 
time and have been installed in U.S. regions 
with sufficient wind resources such as the flat 
open plains.  According to the American Wind 
Energy Association (AWEA), the main source 
of renewable energy generation in the United 
States in 2016 was wind, which accounted for 
5.55% of the nation’s power.  The amount of 
wind power in the United States has increased 
by 50% since 2008 and has prompted the U.S. 
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Department of Energy (DOE) to revisit and 
update their 2008 vision for the wind industry.  
The DOE’s original plan was for 20% of the 
United States’ electrical power to come from 
wind by 2030.  The revised vision expanded 
upon the original and extended to 2050 with a 
scenario in which wind would provide 35% of 
the nation’s electrical power (DOE 2015).  
To meet the DOE’s new standard, an 
increase in wind farms is necessary as is the 
addition of taller wind turbines.  Taller wind 
turbines generate more power as they access 
greater wind speeds higher in the atmosphere.  
Wind turbine height has increased since the 
1990s extending from hub heights around 50-
m to hub heights above 100-m today (Schwartz 
and Elliott 2006).  Projections call for a 
continued increase in size and height in land-
based wind turbines in future years (Fig. 1).  
Taller turbine heights present the need for a 
better and more thorough understanding of 
wind and wind shear characteristics in the 
expanded rotor layer between 40-m and 120-
m. 
Understanding wind characteristics is 
important for optimizing wind power 
generation and preventing damage to the 
turbines.  It is also important to understand the 
change in flow in the atmosphere due to the 
presence of wind turbines.  Tall towers with 
meteorological instrumentation were used to 
collect reliable wind measurements at heights 
above and below current 80-m turbine hub 
height.  The meteorological towers provided 
necessary data to increase our understanding of 
wind characteristics within the atmosphere.  
Measurements from tall meteorological towers 
have augmented wind data studies to provide 
observations at higher levels which link 
atmospheric data with wind turbine rotor 
layers.  The measurements were useful for 
wind characterizations and analyzing changes 
within the rotor layer (Swartz and Elliott 
2005). 
 
FIG. 1 Expected growth in land-based turbine size and hub height in North America (Wiser et al. 
2016). 
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Previous research using tall 
meteorological towers has been based in the 
United States’ Midwest.  A few of these 
studies have focused on Iowa, such as Takle 
and Brown (1976) and Walton et al. (2014).   
In 2016, 36% of Iowa’s electricity was 
generated from wind power and Iowa was 
ranked third for the number of wind turbines 
(AWEA, 2016).  Today, Iowa is ranked first 
in the United States for wind energy as a 
share of total electricity generation and is 
second for installed capacity, as of 2016 
(AWEA).  With a high number of wind farms 
and an increasing percentage of electricity by 
wind power, the state of Iowa is a good 
location to study wind characteristics in the 
atmosphere.   
Wind resource characteristics are 
essential to understand wind behaviors at 
different heights in the atmosphere.  Previous 
analyses focused on wind characteristics 
mainly at the hub heights of turbines.  Takle 
and Brown (1976) and Takle et al. (1978) 
were some of the earliest analyses of 
climatological wind data above the standard 
10-m level in Iowa.  These studies provided 
the foundation for wind behavior at multiple 
heights.  The first wind energy study in Iowa 
analyzed the wind characteristics at five 
different heights from a 32-m tower, 2, 4, 8, 
16, and 32-m (Takle and Brown 1976).  Data, 
consisting of 10-m wind speed and 
temperature averages, were used to 
summarize seasonal and diurnal wind speed 
and temperature characteristics as well as 
provide frequency distributions for all levels 
over the eight-year period between 1963 and 
1970.  The research showed upper levels have 
diurnal maxima wind speeds at night and 
lower levels having diurnal maxima during 
the day. Takle and Brown (1976) also 
concluded wind reached a maximum during 
the winter and a minimum during the 
summer. 
More recently, Walton et al. (2014) 
analyzed tall meteorological tower data from 
five different towers in Iowa.  Diurnal 
maxima values were compared based on the 
wind speed averages from 50-m, 100-m, 150-
m, and 200-m. The research showed lower 
levels having diurnal maxima during the day 
and upper levels have diurnal maxima values 
at night.  Additionally, the study’s directional 
and seasonal wind speed averages 
corresponded with Takle and Brown’s (1976) 
conclusions about the seasonal wind speed 
topping off during the winter and bottoming 
out during the summer. 
Numerous methods have been used in 
previous studies to analyze characteristics of 
winds above the surface.  Previous studies 
focused on the operation of turbines used 
short meteorological towers and extrapolated 
the data to calculate estimates of wind 
behavior at higher heights (Fox 2011).  
Methods of extrapolation and estimation 
produce significant uncertainty when used to 
predict wind characteristics for heights 
greater than 80-m. The errors also increase 
with height since there are changes in 
meteorological phenomena such as the low-
level jet or wind shear. Tall tower data helps 
eliminate some of these errors (Schwartz and 
Elliott 2005). 
Extreme winds have been analyzed to 
help define safety issues of wind turbines.  
Higher winds can cause mechanical loading, 
or stress, on a turbine that could result in a 
failure of the turbine.  The Weibull 
distribution is often used as an extreme value 
4 
 
distribution in many research studies (Justus 
et al. 1976).  The distribution has been used 
to estimate the extreme wind speeds for the 
probability distribution of extreme values for 
wind farms in Korea (Lee et al. 2012).  In 
their study, Lee et al. (2012) created an 
estimated extreme wind speed based on 
numerical data obtained from the Korea wind 
map to infer wind speed values in the 
atmosphere.  Perrin et al. (2015) discussed 
the statistical methods for the estimation of 
extreme winds in extratropical latitudes.  The 
methods compared include the Weibull 
distribution and the Gumbel distribution and 
their use in relevance to extreme wind speeds. 
Multiple studies have computed a Weibull 
Distribution for wind speeds at higher levels 
(e.g., Justus et al., 1976; Dokur and Kurban, 
2015).  
This paper explores wind speeds from 
two tall meteorological towers in Central 
Iowa.  Wind characteristics were identified 
and the probability of abnormally high and 
low wind speeds throughout the course of a 
year were calculated.  The Weibull 
distribution was used to calculate the 
probability of extreme winds affecting wind 
turbines based on average wind speeds to 
assist in plans for future utility wind farms in 
the United States.  To our knowledge, no 
study has compared extreme wind data at 
taller heights inside and outside a wind farm. 
 
2. Data and Methods  
A. Data 
This study focused on data from two 
120-m tall meteorological towers located in 
central Iowa.  One tower (A-1) is located in 
the middle of a 200-turbine wind farm and is 
directly influenced by surrounding wind 
turbines, with the exception of an undisturbed 
wind sector (229 – 258). The second tower 
(A-2) is located outside of the wind farm and 
is not directly influenced by nearby turbines 
(Fig. 2).  A-2 may be influenced by the 
aggregate effect of the wind farm for winds 
from the southeast but that effect was not 
considered in this analysis.  
Air temperature, wind speed, wind 
direction and relative humidity were 
measured using instrumentation located at six 
levels on the two meteorological towers.  
Each level, 5-m, 10-m, 20-m, 40-m, 80-m 
and 120-m, is equipped with a 
temperature/humidity probe, two-cup 
anemometers, a sonic anemometer, and two 
wind vanes.  The northwest side and the south 
side of each tower have a wind 
vane/anemometer pair placed strategically at 
Fig. 2 indicates the location of the 120-m 
tall meteorological towers, A-1 and A-2.  
Tower locations are denoted by the + and 
individual wind turbines are represented as 
black dots. 
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each level to gather wind information directly 
from the two most common prevailing wind 
directions in this area (Fig. 3).   
Wind speed, wind direction and time 
data were collected from August 2016 to July 
2017 at the 120-m level.  The year of data was 
split into the four meteorological seasons, 
summer, winter, spring and fall. Time data 
was reported in Coordinated Universal Time 
(UTC) and converted into Local Standard 
Time (LST).  Wind speed and direction were 
reported at 100-s intervals and averaged into 
5-minute intervals for both A-1 and A-2. 
Quality control of the data showed 
multiple data points missing from the south 
boom so the data from that boom was 
removed from this study. Further quality 
control using the Iowa Environmental 
Mesonet’s (IEM) Time Machine helped 
remove data that could affect results, as 
described below.  The National Centers for 
Environmental Prediction (NCEP) Multi-
Radar/Multi-Sensor (MRMS) radar only data 
was used to identify precipitation amounts at 
the two towers.   
 
 
Fig. 3 shows the blueprint of one of the towers. Note there are corresponding instruments at each 
level. There is a wind vane, cup anemometer, sonic anemometer, and temperature probe at all the 
levels. There is only a pressure sensor at 10 and 80-meter levels. At the 120-meter level there are 
two temperature probes. All the instruments are from Campbell Scientific. 
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The MRMS, IEM Plot and Surface Weather 
Map data are accessible on the IEM.  The 
NCEP data showed hourly precipitation 
amounts measured in inches for each county 
in Iowa and the surface weather map showed 
station plots and pressure contours.  If either 
county contained precipitation during each 
time period, or a front moved across both 
counties, the data was removed for the hour.  
This was done to ensure similar conditions at 
both towers for a better comparison.   
 
B. Methods 
 
There are different methods for 
determining wind speed distributions.  In 
previous literature, the two parameters in the 
Weibull distribution were often used in the 
statistical analysis of wind data. The method 
used for this study was similar to that of 
Takle and Brown (1976) who looked at 
characteristics of wind speed in Iowa in the 
lowest 200-ft. of the atmosphere using the 
Weibull Distribution. This study used the 
Weibull Distribution to represent wind speed 
frequencies.   
 
Weibull Distribution 
 
 Using similar notation as Takle and 
Brown (1976) and Justus et al. (1978), the 
Weibull distribution for wind speed, V, could 
be expressed by the probability density 
function (wind speed frequency curve) 
 
 
𝑝(𝑉) = (
𝑐
𝑎
) (
𝑉
𝑎
)
𝑐−1
exp [− (
𝑉
𝑎
)
𝑐
],              (1) 
 
 
Where p(v) is the frequency or probability of 
the occurrence of wind speed, V, a is the 
Weibull scale parameter with unit equal to 
the wind speed unit, and c is the shape factor 
(dimensionless).  A larger value of a 
indicated the wind speed was higher, while 
the value of c showed the wind stability.  The 
cumulative probability function (wind speed 
duration curve) was expressed by: 
 
𝑝(𝑉 ≤ 𝑉𝑥) = ∫ 𝑝(𝑉)𝑑𝑉 = 1 −
𝑉𝑥
0
                                           exp [− (
𝑉𝑥
𝑐
)
𝑐
]     (2)   
 
Several methods could be used to 
estimate the Weibull parameters a and c.  
This study used the data to determine the 
values of a and c by the maximum likelihood 
estimation.  Each data set was summarized 
into count bins using the Method of Bins 
providing N wind speed bins (Manwell, 
2010).  Each bin has a bin number and the 
number of observations of that particular 
wind speed to characterize it. The bins were 
graphed in a histogram showing the number 
of occurrences and the bin widths at 0.5 m s-
Fig. 4 is an example histogram and 
Weibull distribution used for this study.  
This histogram shows wind speeds for 
January 2017 at A-1 overlaid with the 
Weibull Distribution. 
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1 intervals for each month from the hourly 
averages (Fig. 4). 
 
Maximum Likelihood Method 
 
The maximum likelihood method was 
one of the several methods available to 
determine the two parameters of the Weibull 
Distribution.  One method, as shown by 
Justus et al. 1977, is the maximum likelihood 
method which satisfies the equations: 
 
𝑎 = [𝑁−1 ∑ 𝐴𝑖𝑉𝑖
𝑐
𝑁
𝑖=1
]
−1
                            (3) 
𝑐 = [(∑ 𝐴𝑖𝑉𝑖
𝑐 ln(𝑥𝑖)
𝑁
𝑖=1
) (∑ 𝐴𝑖𝑉𝑐𝑖
𝑐
𝑁
𝑖=1
)
−1
− 𝑁−1 ∑ 𝐴𝑖𝑙𝑛𝑉𝑖
𝑁
𝑖=1
]
−1
         (4) 
 
The maximum likelihood parameters were 
then used to compute the Weibull density 
function and was then plotted to show the 
frequency of occurrence of wind speeds 
using the Weibull distribution.   
 
Extreme winds 
 
This study identified the occurrences 
of extreme winds both within and outside a 
wind farm.  The A-1 and A-2 tall tower 
network was used for the computation of 
Weibull distributions.  The distributions were 
used to identify the highest and lowest wind 
speeds for the two tower locations in Central  
Iowa.  The top and bottom five percent wind 
speed percentiles at each tower were 
calculated.  The five percent quantiles were 
then compared to each other to determine 
how the wind speeds differed. To further test 
for differences, the top and bottom one 
percent wind speeds were computed as well.  
They were compared to each other and then 
to the five percent data for discrepancies.   
 
3. Results 
Seasonal Weibull distributions were 
computed and graphed based on the shape 
and scale parameters.  The larger the shape 
parameter, the higher the wind speed. The 
scale parameter shows wind stability.  The 
shape parameters were lowest in July and 
August and peaked in November, December 
and March for A-2 and September at A-1.  
The yearly average shape parameter was 
slightly higher outside the wind farm 
indicating faster wind speeds.  The scale 
parameter at A-1 was lowest in January and 
highest in April.  The wind speeds were 
slower in January and fastest in April within 
the wind farm.  Outside the wind farm, the 
scale parameter peaked in September and 
was lowest in August.  The wind speeds 
outside the wind farm were the fastest in 
September and the slowest in August.  The 
yearly average scale parameters were similar 
at both tower locations despite having similar 
yearly averages and seasonally variable 
distributions.  
The one percent, five percent, ninety-
five percent and ninety-nine percent wind 
speed quantiles at each tower and month were 
calculated.  The lower quantiles were 
computed to define the slowest wind speeds 
each month and the upper quantiles to define 
the fastest wind speeds for each month.  The 
averages of the four individual quantiles were 
also computed for the year at both towers. 
The A-2 tower experienced faster winds on 
average over the year for the five, ninety-five, 
and ninety-nine quantiles.   
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Both towers, however, had similar average 
upper and lower wind speeds for the year 
with slight seasonal and monthly differences.  
The two higher quantiles were faster at A-2 
for almost every month while the lower 
quantiles varied more per month.  A seasonal 
analysis of these quantiles is described in the 
following sections. 
 
 
 
 
Wind Speed Analysis 
The mean, maximum and minimum 
wind speeds were computed for each tower 
 
and month (Table 1).  The yearly mean was 
then computed from the monthly averages.  
The average yearly mean wind speed was 
faster at A-2 however, the maximum and 
minimum yearly averages were both slower 
at A-2 compared to A-1.  The mean wind 
speed was slower at A-1 for all seasons with 
a maximum mean in spring and a minimum 
mean in the summer (Table 2).  A-2 
experienced the maximum mean wind in 
spring and minimum mean in summer.  The 
minimum wind speed average was greater at  
 
Table 1 The seasonal mean, minimum, and maximum wind speed averages for both towers, 
A-1 and A-2, at 120-m. 
 
Table 1  Average, minimum and maximum wind speeds at A-1 and A-2 each month from August 
2016 to July 2017 at 120-m. The higher wind speed for each month per category is filled in. 
 
Month Mean, A-1 Mean, A-2
Standard 
Deviation, A-1
Standard 
Deviation, A-1 Max, A-1 Max, A-2 Min, A-1 Min, A-2
August, 2016 5.78 7.50 2.73 3.53 20.26 18.89 0.03 0.00
September, 2016 7.32 7.88 2.39 2.58 19.58 18.97 0.26 0.14
October, 2016 7.46 8.07 3.17 3.49 15.94 17.94 0.01 0.01
November, 2016 8.89 9.20 3.73 3.80 21.39 22.45 0.26 0.00
December, 2016 9.06 9.06 3.80 3.78 21.18 20.48 0.58 0.49
January, 2017 4.30 7.50 4.41 3.58 19.44 20.12 0.00 0.00
February, 2017 8.42 8.93 3.27 3.32 21.99 18.09 0.41 0.37
March, 2017 8.89 9.43 3.73 3.93 24.86 23.27 0.73 0.23
April, 2017 8.75 8.89 3.20 3.48 18.47 19.80 0.50 0.21
May, 2017 8.39 8.41 3.26 3.24 25.89 19.63 0.29 0.36
June, 2017 7.85 8.16 3.29 3.42 25.44 29.38 0.44 0.31
July, 2017 5.82 6.21 2.77 2.99 18.55 17.05 0.00 0.03
Average 7.58 8.27 3.31 3.43 21.08 20.51 0.29 0.18
Average, Minimum and Maximum Wind Speeds, m s
-1
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A-1 for all four seasons.  The maximum wind 
speed peaked at A-1 in May and peaked in 
June for A-2.  The minimum non-zero wind 
speed was lowest in October for both A-1 and 
A-2.  The wind speeds on average were 
slower outside the wind farm (A-2) with the 
two extremes, maximum and minimum, 
greatest inside the wind farm (A-1).     
 
Weibull Distribution and Parameters  
The Weibull distribution was 
graphically represented for each season and 
tower (Fig. 5 and Fig. 6).  The distributions 
from the summer season had similar shapes 
in June and July for both towers but varied in 
August (Fig. 5A).  The distribution for A-2 in 
August had a lower peak and was shifted to 
the right compared to A-1.  These differences 
were also shown in the shape, a, and scale, c, 
parameters (Table 3).  The summer scale 
parameter decreased from the beginning of 
the season at both towers. The shape 
parameter also decreased through the season 
at A-1.  A-2 did not follow this trend.  These 
trends indicate that the wind speeds slowed 
down and slower speeds were more common 
towards the end of the summer season.  
Within the wind farm, the peaks of the 
distributions were farther to the left and 
taller.  This indicated a higher occurrence of 
lower wind speeds at A-1.   
During the fall season, both towers 
had similar monthly Weibull Distributions 
(Fig. 5B).  September’s distribution peaked 
higher than both October and November and 
all three peaks decreased with height over 
time.   
The winter season distributions were 
similar in shape and size for the three months.  
The peaks shifted left from December to 
February but kept similar amplitudes at both 
towers (Fig. 6A).  These similarities and 
differences were also reflected by the similar 
shape and scale parameters (Table 3).   
The spring distributions visually were 
the most similar each month between the two 
towers (Fig. 6B).  This indicated generally 
uniform wind speeds throughout the season.  
The distributions did suggest a higher 
occurrence of lower wind speeds within the 
wind farm. 
Table 3 The monthly and full year average 
Weibull Distribution shape (a) and scale (c) 
parameters for A-1 and A-2 at 120-m. 
Shape and Scale Parameters at 120-m 
Month a, A-1 a, A-2 c, A-1 c, A-2 
Aug. 
2016 6.52 7.28 2.25 2.12 
Sept. 
2016 8.91 9.52 3.23 3.24 
Oct. 
2016 8.40 9.07 2.56 2.48 
Nov. 
2016 10.01 10.33 2.56 2.59 
Dec. 
2016 10.19 10.83 2.56 2.80 
Jan. 
2017 8.00 8.45 2.11 2.21 
Feb. 
2017 9.44 9.99 2.80 3.00 
Mar. 
2017 10.20 10.62 2.58 2.60 
Apr. 
2017 9.78 9.99 3.09 2.79 
May 
2017 9.42 9.43 2.80 2.85 
June 
2017 8.84 9.19 2.54 2.59 
July 
2017 6.58 7.01 2.34 2.21 
Average 8.86 9.31 2.62 2.62 
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A 
Fig. 5: Weibull Distribution of wind speeds at A-1 and A-2 for summer (5A) and fall (5B).  
B 
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Fig. 6: Weibull Distribution of wind speeds at A-1 and A-2 for winter (6A) and spring (6B).  
 
 
 
B 
A 
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Quantiles 
 Four wind speed quantiles for each 
month and their seasonal averages were 
computed (Table 4).  All summer average 
quantiles were higher outside the wind farm.  
August had the greatest difference in wind 
speed between the two towers for all 
percentiles and the differences increased as 
the quantiles increased.  Faster wind speeds 
occurred more often outside the wind farm 
(A-2) during the summer.  The A-1 tower in 
fall experienced higher wind speeds during 
September and October in both lower 
quantiles. The upper quantiles were greater 
for all three months at the A-2 tower.  Most 
of the fastest quantiles were in the month of 
October for the fall season and the 
differences increased with increasing 
percentiles.  Fall seasonal quantiles indicated 
the fastest and slowest wind speeds occurred 
more often within the wind farm.  All 
quantiles in the winter season had faster wind 
speeds during December and January at A-2.  
The winter seasonal average quantiles 
showed slower wind speeds occurred more 
often within the wind farm with faster wind 
speeds more common outside the wind farm.  
The spring season averaged the slowest wind 
speeds and the greatest average wind speeds 
outside the wind farm.  Slower winds speeds 
occurred within the wind farm during almost 
every season. 
 
D. Turbine Specs 
 There are two wind turbine models in 
the wind farm, the GE 1.5SLE and the GE 
1.5XLE.  The 1.5SLE turbines are located in 
the southern half of the wind farm. The 
1.5XLE turbines are located in the northern 
half of the wind farm. 
 
Table 2 Monthly quantiles for towers A-1 and A-2. The four quantiles are 1%, 5%, 95%, and 
99%.  The yearly average quantile was computed and is the bottom row.  The higher value 
between the two towers is shaded. 
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The 1.5XLE is a newer turbine that is based 
on the 1.5SLE and captures more wind 
energy with an increase in 15% of swept area 
(GE, 2017). The cut-in speeds for both 
turbines is 3.5 m s-1.  The rated speed for the 
1.5XLE is 11.5 m s-1 and the 1.5SLE is 14 m 
s-1 with cut-out speeds of 20 m s-1 and 25 m 
s-1 respectively.  The three wind speed 
categories for the turbines were calculated 
monthly from the tower data (See appendix).  
Results revealed the wind turbines did not 
experience wind speeds at or above the cut-
out speed during the year.  Wind speeds 
above the cut-in speed occurred the most in 
the spring at both towers based on seasonal 
averages (Table 5).  The seasonal average 
wind speed occurrences at or above the rated 
speed were lower within the wind farm for 
both the 1.5XLE and 1.5SLE turbines.  The 
wind speeds were above the rated speed less 
in the summer and more in winter.   
4. Discussion and Conclusions            
This paper explored wind 
characteristics at 120-m from two tall 
meteorological towers in Central Iowa.  
Weibull distribution and quantiles were used 
to better understand extreme winds above 
turbine hub height.  The analysis of extreme 
wind characteristics showed yearly 
maximum average wind speeds in the winter 
and minimum average wind speeds during 
fall.  The Weibull distributions displayed the 
monthly and seasonal spread of wind speeds 
from the two towers at 120-m.  The yearly 
average scale parameter was 2.62 for both 
towers which is within the typical range of 
2.5-3.0 for wind speeds.  The high-end and 
low-end wind speeds were greater within the 
wind farm (A-1) with the average wind speed 
higher outside the farm (A-2).  The wind 
turbines increased the intensity of the 
extreme winds and slowed down the average 
Table 3: The percentage of the year the 1.5SLE and 1.5XLE wind turbines are at or above the cut-in, 
rated, and cut-out wind speeds. 
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wind speed.  The high and low extreme winds 
coincided with the same months as the 
average maximum and minimum wind 
speeds.  The faster extreme wind speeds 
occurred outside the wind farm and the 
slowest wind speeds within indicating wind 
turbine influence can cause a reduction in 
wind speed.  The frequency of the wind 
speeds at or above the rated speed were 
higher when the monthly wind speeds were 
faster.  Similarly, the percentages at or above 
the cut-in speed were slower during the 
months with the slower wind speeds.   
 This study focused on the effects of 
wind characteristics on wind turbines at the 
120-m level in the atmosphere.  These 
methods can be applied to all heights on the 
tall meteorological towers.  The sensors at 
each height are identical allowing similar 
research to be done at lower heights in 
addition to expanding applications to other 
fields such as pollen spread and insect 
travels.   
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APPENDIX 
 
 
A-1 shows the wind turbine specs for the two wind turbine models found within the wind farm.  The 
turbines on the north side of the wind farm are 1.5XLE turbines and the turbines on the south side of the 
wind farm are 1.5SLE turbines.  The rated speed is the percentage of time the wind speed was at or 
above 14 m s-1 for the north turbines and 11.5 m s-1 for the south turbines.  The table indicates the 
percentage of the time the wind speeds were below the cut-in speed, 3.5 m s-1. Similarly, the percentage 
of time above the cut-out speed 25 m s-1 (north) and 20 m s-1 (south), is also expressed.
 
